plant; the mortality rate remained constant ( ∼ 20 per 100 patient-years). Of predialysis care factors evaluated, only fistula placement more than 1 month before dialysis initiation was associated with lower hospitalization and mortality risk and greater likelihood of transplant. Other potentially modifiable factors included more contact with cardiologists and endocrinologists. Conclusion: Patients initiating dialysis with a functioning fistula appear to receive substantial predialysis preparation. This selected population does not show the excess mortality risk often observed early in dialysis treatment. Earlier fistula placement and referral to cardiology and endocrinology appear to be important aspects of predialysis care.
though it remains elevated relative to later years [3] . To meaningfully reduce poor outcomes during the first year after dialysis initiation, patients must receive appropriate care before dialysis initiation; studies suggest that better care in the predialysis period improves outcomes after initiation, although a recent study raised doubt about the strength of that association [2, [4] [5] [6] [7] [8] .
Of the various aspects of care provided to patients with poor kidney function who are approaching dialysis initiation, fistula placement early enough to enable maturation and use at hemodialysis initiation has been most consistently associated with improved outcomes after initiation [2, 9] . Access to healthcare and appropriate specialist referral has been strongly associated with greater likelihood of initiating dialysis with a fistula [5, 8] . However, it is unclear whether improved outcomes associated with fistula use are a consequence of patient selection, or if fistula placement is simply a good marker of improved predialysis care.
In a cohort of patients who initiated maintenance hemodialysis with a fistula and who had received at least 2 years of predialysis care, we sought to evaluate the types of predialysis care provided and the aspects of care associated with improved outcomes after initiation. Unlike previous studies focusing almost exclusively on mortality, our analysis also examined all-cause hospitalization and transplant.
Methods

Data Source and Study Population
We used Medicare data for patients who initiated hemodialysis between January 1, 2005, and December 31, 2009, with 2 or more years of prior Medicare coverage. To be included in the final cohort, patients were required to be aged ≥ 67 years at initiation. We required continuous Part A and Part B coverage in the 2 years preceding initiation and a diagnosis of chronic kidney disease (CKD; 2 outpatient claims or 1 inpatient claim) in the 1-2 years preceding initiation [10] . We required hemodialysis initiation with a functioning fistula, as indicated on the Medical Evidence Report (Centers for Medicare & Medicaid Services (CMS) form CMS-2728). The date of fistula placement was identified using Medicare claims from the 2 years preceding hemodialysis initiation.
Dimensions of Predialysis Care
Claims in the year preceding dialysis initiation were reviewed and categorized based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes in the domains imaging and testing (radiology imaging, echocardiograms, biopsies, stress tests), laboratory testing (number of tests for albumin, calcium, creatinine, hemoglobin, hemoglobin A 1c , iron panels, parathyroid hormone, phosphorus, urinary protein; laboratory results are not available in Medicare claims data), outpatient specialist care (number of visits to cardiologists, endocrinologists, nephrologists, radiologists, dieticians, pain specialists), and renal interventions (use, timing, and duration of erythropoiesis-stimulating agents and intravenous iron; number of blood transfusions; vaccinations; timing of fistula placement). We created categories for each of these predialysis care variables to allow balanced subgroups or to differentiate potentially clinically distinct practices based on the distribution of number of visits, administrations, or laboratory tests, as appropriate.
Patient Characteristics at Dialysis Initiation
Demographic and comorbidity characteristics, laboratory values, and other clinical characteristics assessed at hemodialysis initiation (end-stage renal disease (ESRD) onset factors) were obtained from form CMS-2728 and from claims data in the 1-2 years before dialysis initiation (for comorbidity data). Demographic characteristics included age, sex, race (White, Black, other), and primary cause of ESRD (diabetes, hypertension, glomerulonephritis, other). Comorbid conditions included arrhythmia, cancer, cardiac arrest, cerebrovascular disease, chronic obstructive pulmonary disease, congestive heart failure, diabetes, gastrointestinal bleeding, hypertension, ischemic heart disease, myocardial infarction, and peripheral vascular disease, and number of hospitalizations and mean length of hospital stays. Other clinical characteristics included location of first dialysis session (hospital, nursing home, dialysis center, home), and selected laboratory values (albumin (g/dl), serum creatinine (mg/dl), hemoglobin (g/dl)).
Outcomes
Outcome events were identified during the year following hemodialysis initiation and included first hospitalization and death or withdrawal from dialysis resulting in death. For the analysis of time to first hospitalization, we followed patients from the date of initiation until the first of date of first inpatient hospitalization event (overnight stay), death, loss to follow-up (transplant, renal recovery), or 1 year. For the analysis of time to death, we followed patients from the date of initiation until the first of date of death, loss to follow-up (transplant, renal recovery) or 1 year. In the case of time to first hospitalization and transfusion, follow-up began at discharge if the patient was hospitalized on the date of ESRD onset. We also explored time to kidney transplant in the first year after dialysis initiation.
Statistical Analysis
We used descriptive statistics for continuous variables (mean, standard deviation) and categorical variables (count (n), percentage (%)) to evaluate patient characteristics at dialysis initiation and types of care received before initiation. We did not include p values in table 1 ; given the large sample size, all comparisons had a p < 0.05. We used Kaplan-Meier methods to estimate the time to event for each outcome of interest. We used Cox proportional hazards regression to estimate hazard ratios (HR) and 95% confidence intervals (CI) for the unadjusted associations between aspects of predialysis care, demographics, comorbid conditions, and other baseline clinical characteristics and each outcome of interest. We used a backward elimination procedure to arrive at the most parsimonious model for predicting time to hospitalization, transplant, and death. Variables from each of the domains of predialysis care plus 240 demographic and comorbidity characteristics were entered into the model; only those with an associated p < 0.1 were retained. Age, sex, and race were forced into all models.
The Hennepin County Medical Center Institutional Review Board approved the analytic plan. All analyses were conducted in SAS 9.2 (Cary, N.C., USA).
Results
Between 2005 and 2009, 561,232 patients initiated hemodialysis; 14,459 met inclusion criteria and were included in our analysis ( fig. 1 ). On average, patients who initiated hemodialysis with a fistula were more likely to be male (63.0 vs. 50.8%) and White (80.7 vs. 75.6%), but were similar in age (77.0 ± 6.1, 77.8 ± 6.4 years), compared with patients who initiated with a graft or catheter ( table 1 ). Fistula patients were less likely than graft or catheter patients to have comorbid conditions: arrhythmia (22.2 vs. 31.9%), chronic obstructive pulmonary disease (15.8 vs. 22.7%), congestive heart failure (27.8 vs. 43.2%), diabetes (55.4 vs. 63.0%), and ischemic heart disease (38.9 vs. 48.0%).
Care Patterns
Patients in our study population interacted substantially with the healthcare system in the year preceding dialysis initiation ( table 2 ) . Few patients did not undergo outpatient laboratory testing for albumin (4.2%), calcium (1.0%), creatinine (1.0%), hemoglobin (1.1%), and phosphorus (7.3%); most patients underwent at least 5 tests for each laboratory measure over the 1-year period. A number of patients did not undergo testing in the preceding year for iron (28.0%), parathyroid hormone (22.2%), or any quantification of urinary protein excretion (56.4%). Most patients did not undergo a stress test (77.6%).
Specialist referral was fairly common. Most patients visited a cardiologist (66.1%) or a nephrologist (88.1%) at least once. A substantial percentage (25.1%) had visited a nephrologist 13 or more times during the year. Despite the high prevalence of diabetes (55.4%) and frequent interactions with cardiologists and nephrologists, few patients visited an endocrinologist (9.4%) or dietician (3.3%) in the year before dialysis initiation.
Fistulas were created 3-11 months before dialysis initiation for 42.4% of patients and within 1 month of initiation for 2.9%. For 16.3%, the date of access creation could not be ascertained; these were likely placed more than 2 years before initiation, as our claims search went back 2 years, and it is unlikely that a fistula was placed without a Medicare claim being generated. Medical intervention use was varied during the year preceding hemodialysis initiation. Many patients (37.0%) received no vaccinations (pneumonia, influenza, or hepatitis B). Hemoglobin concentration was <10.0 g/l for 32.0% of patients at initiation and albumin was <3.5 g/dl for 43.7%; 19.3% of patients underwent at least one transfusion. Despite substantial predialysis care, more than 40% of patients with a fistula initiated hemodialysis in an inpatient setting.
Outcomes
Nearly 50% of patients were hospitalized during the first year of hemodialysis, for an incidence rate of 88.1/100 person-years. Median time to first hospitalization was 283 days ( fig. 2 ) . A total of 2,631 patients died during the first year, for a mortality rate of 20.0/100 person-years. Notably, mortality rates in the first 120 days and over the entire year were nearly identical (20.4 and 20.0/100 patient-years, respectively). Several factors were associated univariately with time to first hospitalization after initiation. However, in multivariable analysis, only select factors remained strongly associated ( fig. 3 a) . The demographic characteristics age >85 years (HR 1.19, 95% CI 1.09-1.30, reference age 67-69 years) and male sex (HR 0.94, 95% CI 0.90-0.99), and the comorbid conditions arrhythmia (HR 1.07, 95% CI 1.01-1.13), cerebrovascular disease (HR 1.08, 95% CI 1.00-1.16), chronic obstructive pulmonary disease (HR 1.15, 95% CI 1.08-1.23), and congestive heart failure (HR 1.09, 95% CI 1.03-1.16) were associated with increased risk.
Of the interventions evaluated, undergoing more echocardiograms and more laboratory testing (for most parameters assessed) in the year preceding hemodialysis initiation was associated with greater risk of hospitalization following initiation. Of the care patterns evaluated, more frequent visits to a cardiologist in the year preceding initiation was associated with lower risk of hospitalization (HRs 1.0, 0.96, 0.94, 0.85 for 0, 1-3, 4-6, and ≥ 7 visits, respectively; p for linear trend = 0.03). Receiving more transfusions was associated with increased risk of hospitalization. Timing of fistula placement was not associated with hospitalization risk, ex- 244 cept for patients with fistulas placed within 1 month before initiation. Several factors were associated univariately with allcause first-year mortality. However, in multivariable analysis, only select factors remained strongly associated ( fig. 3 b) . We observed similar patterns between frequency of laboratory testing and mortality risk. Of interest were the associations between care patterns observed in the year preceding dialysis initiation and first-year mortality. Visits to an endocrinologist (HR 0.81, 95% CI 0.69-0.94), but not to a nephrologist or cardiologist, were associated with lower mortality risk. Regarding interventions, number of transfusions was most strongly associated with first-year mortality. Again, fistula placement within 1 month before initiation was associated with increased risk of mortality compared with placement 1-2 months before initiation (HR 1.26, 95% CI 1.03, 1.55).
Transplant was a relatively infrequent outcome; only 185 patients (1.3%) underwent transplant during the first year. Several modifiable treatment factors associated with reduced mortality were also associated with an increased odds ratio for transplant, including endocrinologist care, longer time between fistula placement and dialysis initiation, and not receiving a transfusion ( table 3 ) . In this study of patients initiating hemodialysis with an optimal vascular access, we identified few modifiable factors in the predialysis period that may be associated with reduced first-year risk of both hospitalization and mortality, and improved likelihood of transplant. The presumption for this study was that patients initiating hemodialysis with a fistula are likely to have an optimal start as they have (1) been identified as having kidney disease early enough to allow vascular access placement with sufficient time for it to mature, and (2) likely seen a nephrologist, as the nephrologist is usually the gatekeeper to vascular access placement. Given these factors, we aimed to determine the overall care provided to these patients and how the care influenced post-initiation outcomes. Despite substantial predialysis care and presence of a functioning fistula, 40.8% of patients initiated hemodialysis in an inpatient setting, a potential area of opportunity. An additional important observation was that the mortality rate remained relatively constant throughout the first year. We did not observe an initial spike in the rate as has been previously observed [1, 2] , suggesting that high mortality in the first few months on dialysis may be largely attributable to poor preparation [3] . Our results also suggest that despite optimal vascular access at dialysis initiation, patients initiating with a fistula did not achieve guideline concordance on a number of factors.
Numerous studies, including a recent systematic review [11] , have suggested that improved predialysis care is associated with improved outcomes in ESRD patients. However, most previous studies included patients who began dialysis emergently with little preparation and likely high risk of adverse outcomes. Our study aimed to identify a cohort likely to have received predialysis renal care (i.e. patients starting dialysis with a functioning fistula) to minimize selection bias. Compared with the general incident dialysis population, patients initiating with a fistula were clinically different and were more likely to have seen a nephrologist in the preceding year. This finding is not unexpected; in most circumstances, the nephrologist is the gateway to dialysis fistula placement, and more nephrology visits has been associated with greater likelihood of a functioning fistula at dialysis initiation [12] [13] [14] . Patients in our cohort had a substantial number of outpatient nephrology visits; more than 50% had more than seven visits in the year preceding dialysis initiation. Most surprisingly, despite having a functioning fistula at dialysis initiation, 11.9% of patients had not seen a nephrologist in the preceding 2 years. Given the significant number of nephrologist visits in the preceding year, it is surprising that fistula placement occurred well in advance of dialysis initiation. Access was placed within 1 month before dialysis initiation for only 3% of patients. A short time between fistula placement and dialysis initiation was associated with increased risk of hospitalizations and mortality, and with reduced odds of transplant. Our results do not clarify how a short time between fistula placement and poor outcomes is mediated. It may reflect the importance of routine, long-term care before dialysis initiation, which would enable earlier fistula placement. Alternatively, use of a fistula early after its creation may lead to early fistula failure, resulting in subsequent catheter placement; hence, the adverse outcomes we observed may result from catheter placement [15] . However, an analysis of DOPPS data did not suggest a greater risk of fistula failure associated with early cannulation [15, 16] .
Nearly all patients (96.7%) had not visited a dietician before dialysis initiation. Our results are consistent with our previous analysis evaluating dietician visits reported on form CMS-2728 [17] . That analysis found a similarly low percentage (12%) of ESRD patients seeing a dietician in the year preceding dialysis initiation. Compared with patients who did not see a dietician in the predialysis period, those who did were more likely to have higher albumin and lower total cholesterol concentrations at dialysis initiation. In our current study, despite optimal dialysis access and significant predialysis exposure to nephrologists, albumin concentration was below current guidelines (3.5 g/dl) for more than 40% of patients. We are unaware of any randomized controlled trial evaluating the merits of predialysis dietician care, but given the substantial nutritional restrictions placed on CKD and ESRD patients, including dietary counseling as part of a comprehensive approach to CKD seems prudent. Anemia management appears to offer another opportunity for improvement in care. Hemoglobin concentration was <9.0 g/l for 11.5% of patients who initiated dialysis with a fistula, and 19.3% of patients received at least one outpatient transfusion in the year preceding initiation. Transfusions in the predialysis period were associated with increased risk of hospitalization and of mortality. In this study, we did not differentiate between transfusions administered to treat acute bleeds or traumatic events from transfusions administered to manage chronic anemia; thus, these results may simply reflect worse underlying prognosis. We also observed that likelihood of undergoing transplant was lower for patients who received a predialysis transfusion. This result is in keeping with a previous study suggesting that blood transfusions in CKD are associated with a 28% decrease in the odds of transplant [18] . Our finding may reflect elevations in panel reactive antibody levels in pretransplant patients who receive blood transfusions [19, 20] , although we cannot exclude the possibility that it simply reflects a better underlying clinical profile for patients who do not receive transfusions.
Our study is limited in several ways. First, many of our predictor and covariate variables are from claims data. Claims data have been shown to be specific for the item of interest but to lack sensitivity [21] . In addition, although we attempted to characterize and evaluate more intensive care (as measured by more frequent visits or tests), we could not differentiate between better care and greater need for care. Thus, some of our estimates (e.g. receiving more laboratory tests) likely represent greater disease severity and need for more intensive clinical management. Our primary requirement for cohort entry was presence of a functioning fistula at hemodialysis initiation. This information was derived from form CMS-2728, and its accuracy is unknown; however, we expect that it has high specificity as this information is easily ascertained in the dialysis unit. Also, few patients in this elderly cohort underwent transplant, and therefore our results may not be generalizable to the broader incident dialysis population. Our cohort was chosen to identify care and outcomes of patients destined to initiate hemodialysis. Given this precondition, finding a population to which our results are immediately applicable is difficult. Our results can thus only be considered hypothesis-generating.
Our study also has some strengths. We used the entire cohort of older patients initiating hemodialysis in the United States with a functioning fistula. We attempted to adjust our results for several factors present in the 2 years preceding initiation. Finally, we limited our study population to patients with documented predialysis care, as evidenced by initiating dialysis with an optimal access, in order to reduce the potential for residual confounding. This approach differs from previous investigations that included in the reference group patients who initiated dialysis emergently, often without receiving care from general practitioners or specialists.
Patients who initiate hemodialysis with a functioning fistula are in general well cared for in the predialysis period, though opportunities for improvement exist. Among the predialysis care factors evaluated, earlier placement of a fistula before dialysis initiation and more specialist care, particularly by cardiologists and endocrinologists, appear to be important modifiable factors that may positively affect risk of hospitalization and mortality and likelihood of undergoing transplant after dialysis initiation. Other potential improvements include better nutritional management and minimizing the number of dialysis initiations in the inpatient setting. Lastly, unlike in the overall incident population, we did not observe an increase in mortality risk immediately following dialysis initiation. Future studies should investigate whether this is due to better access to care and appropriate preparation in the predialysis period or simply reflects a healthier population initiating dialysis.
